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ABSTRACT In the present study we investigated the 
effect of changes in the content of microcrystalline 
cellulose (MCC) on a direct pelletization process in a 
rotary processor in which the liquid addition was 
terminated once a certain increase in torque was 
produced. Nine different mixtures of MCC and 
lactose with MCC contents varying from 10% to 
100% (w/w) were pelletized using 6 different torque 
increase levels, and the changes in pellet 
characteristics were investigated. The pellet 
characteristics investigated were pellet shape, size, 
and size distribution as well as the water content of 
the pellets at the end of liquid addition. To produce 
spherical agglomerates with suitable characteristics in 
a reproducible way, a content of at least 20% (w/w) 
MCC was found necessary. Linear correlations were 
found between the MCC content and the water 
content and between the torque increase and the 
water content, showing that the torque increase is 
suitable to control the process. A higher torque 
increase or a higher MCC content was found to 
increase the water content independently of each 
other. 

INTRODUCTION 

Because of its unique properties, microcrystalline 
cellulose (MCC) is a key excipient in the production 
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of pellets by wet granulation in a rotary processor 
(fluidized bed rotor granulator) (1) and by the 
extrusion/spheronization process (2).  

In the rotary processor, the pellets can be prepared by 
a single-step process by aqueous granulation (3-5). 
Pellets produced by this method were reported to be 
of the same quality as pellets produced by the 
conventional multi-step extrusion/spheronization 
process (6).  

When preparing pellets in a rotary processor, the 
choice of MCC grade is not critical and has only a 
small effect on pellet characteristics when changing 
the MCC type (7). On the other hand, the amount of 
MCC in a formulation has been reported to be crucial 
for the success of the formation of pellets (3,7). 
Generally, an amount of 15% to 30% (w/w) MCC 
has been reported necessary to produce spherical 
agglomerates with suitable properties (1,8). The 
actual amount needed seems to depend on the other 
excipients, as well as on the type of rotary processor. 
More MCC resulted in larger agglomerates, a wider 
size distribution, and less friable (3) and more 
spherical (9) agglomerates. The porosity of the 
agglomerates was not affected by the content of 
MCC in the range of 10% to 30% (w/w) (8). 

The amount of MCC needed to produce pellets is 
influenced by the properties of the other excipients. 
The most investigated formulation is MCC and 
lactose, but others have been used. The solubility of 
the excipients in the binder liquid is influential, and 
the MCC content was found to be more critical when 
using the water-soluble lactose compared to the 
insoluble calcium hydrogen phosphate (4). The 
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particle size of both water- and insoluble excipients is 
also influential (4,7), with decreasing particle-size-
producing pellets of a less uniform particle size and 
an increased amount of oversized pellets and fines.  

In most cases, water is used as the binder liquid. An 
increasing amount, leading to higher water content in 
the formulation, resulted in larger agglomerates 
(5,10-12).  

The size distribution of pellets produced in a rotary 
processor seems to depend on the type of equipment 
used and was found both to increase (3) and decrease 
(10) when more binder liquid was added.  

The water content in the formulation has to be tightly 
controlled in order to control the pellet size (5,13,14). 
It is therefore advantageous to establish an end-point 
control system that enables the formulation to reach 
an optimal water content and thereby to produce 
spherical pellets of a desired size with a narrow size 
distribution.  

The use of torque measurements to control 
production of pellets in a rotary processor has been 
investigated previously (5), and it was found that 
torque-increase measurements were suitable to 
control the production of pellets because the water 
content of the mass is reflected in the torque. 
Random variations in the moisture content of the 
materials can thus be compensated for by stopping 
the liquid addition at a certain level of torque. 
Because the torque has been found to be influenced 
by the rotation speed of the friction plate and by the 
batch size, there is no general correlation between 
torque increase, water content, and pellet size for a 
certain formulation. If these process variables are 
kept constant, there seems to be a close correlation 
between the torque increase and the pellet size. In the 
previous study, this correlation was demonstrated for 
only 1 formulation containing MCC and lactose 
(1:1).  

The aim of the current study was to investigate the 
effect of changes in the MCC content on pelletization 
in a rotary processor using torque end-point 
detection. The influence of changes in the MCC 

content on pellet characteristics at different torque 
increase levels was examined.  

MATERIALS AND METHODS 

Materials 

-Lactose monohydrate (Pharmatose, type 200M; 
DMV International, Veghel, the Netherlands) and 
MCC (Avicel, type PH-101; FMC International, 
Cork, Ireland) were used as starting materials. The 
particle size distributions by volume were the same 
as previously described (5). Purified water (European 
Pharmacopoeia) was used as binder liquid. 

Equipment 

The instrumented rotary processor (Glatt GPCG-1; 
Glatt, Dresden, Germany) applied in previous 
experiments (5) was used for all the experiments. The 
instrumentation allows recording of the torque of the 
friction plate as well as the inlet and outlet air 
temperature, the product temperature, the fluidizing 
air flow rate, and the air gap pressure difference.  

PELLETIZATION PROCEDURE 

Set-Up Phase 

A total of 750 g of the excipients was mixed 
manually, sieved through a 1.0-mm sieve, and loaded 
into the product chamber of the rotary processor, 
which had been preheated by running without 
product for 12 minutes. After the fluidizing air flow 
was initiated, the friction plate was elevated to adjust 
the air gap pressure difference. Once the desired air 
gap pressure difference was reached, the rotation of 
the friction plate was turned on and set to 900 rpm. 
Temperature and flow rate of the fluidizing air were 
set to 40°C and 90 m3/hour, respectively, in all 
experiments.  

Liquid Addition Phase 

Purified water was then sprayed tangentially into the 
moving powder at a rate of 30 g/minute using a 
pneumatic atomizer with a 1.0-mm nozzle diameter, 
an air dome setting of position 3, and an atomizing 
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air pressure of 2.0 bar. The position of the air dome 
determines the angle of the spray cone, and the spray 
cone was found visually to be suitable when using 
position 3. The liquid addition was continued until 
the Tq, computed as the difference between the 
current torque value and the minimum torque value, 
as previously described (5), had reached the desired 
value.  

Wet Massing Phase 

Immediately after stopping the liquid addition, two 
samples of about 3 to 5 g were drawn with the sample 
thief of the equipment for the determination of the 
water content, and the nozzle was removed. Wet 
massing was continued for 6 minutes.  

Drying Phase 

The wet pellets were tray-dried at room temperature 
until constant mass was attained. For the 
determination of the water content, samples were 
dried in an oven at 105°C until constant mass, and the 
water content percentage was then calculated on a 
dry mass basis.  

Pellet Characterization 

The size distribution of the dried pellets was 
estimated by sieve analysis of a sample (n = 1) of 
about 75 g drawn by scooping, and the geometric 
weight mean diameter (dgw) and the geometric 
standard deviation (sg) were calculated. A series of 13 
ASTM standard sieves (Retsch, Haan, Germany) in 
the range of 180-2800 μm was vibrated for 15 
minutes by a Fritsch Analysette 3 vibrator (Fritsch, 
Idar-Oberstein, Germany). 

Photographs of pellets from selected experiments 
were taken with a scanning electron microscope 
(SEM) (Jeol JSM 5200; Jeol, Tokyo, Japan). Image 
analysis was performed as previously described (15) 
on pellets from selected experiments. The shape of 
the pellets was characterized by their aspect ratio, 
calculated as the length of the pellets divided by the 
width found at a 90º angle to the length. 

Experimental Design 

Nine different formulations of MCC and lactose with 
MCC contents varying from 10% to 100% (w/w) 
were pelletized in duplicate in a randomized order. 
No other excipients were used. The Tq value was 
varied at 2 levels for 7 of the formulations and at 6 
different levels for 2 of the formulations giving a 
total of 52 experiments (Table 1). The response 
variables were geometric weight mean diameter 
(dgw), geometric standard deviation (sg), and the 
aspect ratio of the pellets and water content of the 
mass at the end of liquid addition. Additionally, the 
surface structure of pellets from selected experiments 
was investigated qualitatively using an SEM.  

Statistical analysis was performed using 
STATISTICA software (Version 5.1; StatSoft, Tulsa, 
OK). The influence variables MCC and Tq were 
coded according to Table 2. A full second-order 
polynomial (Eq. 1) was fitted to the individual 
response variables by multiple linear regression for 
the 44 runs including more than 15% (w/w) MCC.  

y = b0 + b1 x MCC + b2 x Tq + b11 x MCC2 + b22 x Tq2 + 
b12 x MCC x Tq  (Eq. 1) 

For certain subsets of the runs, simple regression 
analysis was performed to compare the results of this 
study with those of other studies. 

RESULTS AND DISCUSSION 

The experimental settings and the results of the 
pelletization experiments are shown in Table 1. The 
range of Tq values was chosen as the widest 
possible range that allowed a controllable process. 
Torque increases below 0.2 N•m were too small to be 
measured accurately, and values above 1.2 N•m 
resulted in uncontrollable agglomerate growth and 
snowballing. The 2 Tq values (0.4 and 0.8 N•m) 
used with all 9 formulations were chosen based on 
previous experiments (5). 
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Table 1: Effects of MCC content and torque increase 

(ΔΔΔΔTq) on pellet size (dgw), pellet size distribution (sg), 

water content at the end of liquid addition, and pellet 

shape (aspect ratio) 

Exp.# MCC content 
(%(w/w)) 

ΔΔΔΔTq 
(N••••m) 

dgw 

(μμμμm) 
sg Water 

content (%) 
(n=2) 

Aspect 
Ratio 

1 10 0.4 366 2.54 35.6  
2 10 0.4 272 3.22 27.1  
3 10 0.8 1515 1.88 35.4  
4 10 0.8 1313 3.31 35.2  
5 15 0.4 719 1.74 36.8  
6 15 0.4 483 2.71 36.1  
7 15 0.8 917 1.47 36.9  
8 15 0.8 2080 1.70 38.4  
9 20 0.2 533 1.57 39.0  
10 20 0.2 466 1.48 39.6 1.12 
11 20 0.4 846 1.56 40.6 1.13 
12 20 0.4 895 1.61 40.1  
13 20 0.6 1201 1.40 41.2 1.11 
14 20 0.6 1178 1.43 41.2  
15 20 0.8 1519 1.37 42.2 1.10 
16 20 0.8 1502 1.39 42.0 1.09 
17 20 1.0 1819 1.40 42.0  
18 20 1.0 1809 1.33 43.1  
19 20 1.2 2432 1.18 43.0  
20 20 1.2 2421 1.16 44.3 1.06 
21 30 0.4 684 1.25 45.1 1.12 
22 30 0.4 625 1.32 46.2  
23 30 0.8 1073 1.28 48.4 1.07 
24 30 0.8 1103 1.28 47.9  
25 40 0.4 547 1.27 54.0 1.11 
26 40 0.4 562 1.28 52.4  
27 40 0.8 832 1.26 53.1 1.10 
28 40 0.8 973 1.25 54.1  
29 50 0.4 479 1.27 57.9 1.12 
30 50 0.4 455 1.27 57.8  
31 50 0.8 737 1.27 58.6 1.11 
32 50 0.8 774 1.27 60.2  
33 60 0.4 456 1.28 64.4 1.13 
34 60 0.4 463 1.28 64.3  
35 60 0.8 669 1.28 65.3 1.11 
36 60 0.8 654 1.27 65.7  
37 80 0.2 304 1.38 75.1 n.d.a 
38 80 0.2 339 1.31 75.7  
39 80 0.4 432 1.28 77.0 1.15 
40 80 0.4 397 1.32 74.4  
41 80 0.6 493 1.29 77.4 1.11 
42 80 0.6 478 1.28 77.0  
43 80 0.8 541 1.31 77.5 1.11 
44 80 0.8 587 1.29 78.3 1.11 
45 80 1.0 661 1.29 79.3  
46 80 1.0 647 1.29 78.8  
47 80 1.2 969 1.25 80.6  
48 80 1.2 818 1.27 79.9 1.10 
49 100 0.4 376 1.36 94.1  
50 100 0.4 387 1.42 95.1 1.16 
51 100 0.8 512 1.28 95.9 1.12 
52 100 0.8 498 1.28 96.8  
a  The applied technique for fixation of the pellets during 
the image analysis was compromised by the small pellet 
size, and consequently the aspect ratio could not be 
determined. 

Table 2: Coding of the influence variables for statistical 

evaluation 

variable level 
(Nm) 

coded 
level 

variable level 
%(w/w) 

coded 
level 

ΔTq 0.2 -1 MCC 20 -1 
ΔTq 0.4 -0.6 MCC 30 -0.75 
ΔTq 0.6 -0.2 MCC 40 -0.5 
ΔTq 0.8 +0.2 MCC 50 -0.25 
ΔTq 1.0 +0.6 MCC 60 0 
ΔTq 1.2 +1 MCC 80 +0.5 
   MCC 100 +1 

 

Evaluation of Runs With Less Than 20% (W/W) 
MCC 

In all experiments with 10% (w/w) MCC, a lot of 
wall adhesion was observed, and the mass was seen 
to move irregularly. The large difference in the water 
content at the end of liquid addition between repeated 
experiments with 10% (w/w) MCC and a Tq of 0.4 
N•m is assumed to derive from an inhomogeneous 
liquid distribution caused by the wall adhesion. 
During the drying phase, the adhered material 
became partly detached from the wall, and up to 25% 
of fines (<180 μm) were seen. The experiments with 
15% (w/w) MCC showed less adhesion, but fine 
particles were formed during the drying phase. The 
appearance of fine particles can be explained by 
attrition of the formed agglomerates caused by the 
friction of the rotation plate. The experiments with 
10% and 15% (w/w) MCC resulted in poor 
reproducibility and wide agglomerate size 
distribution, therefore (Table 1), and the 
agglomerates cannot be characterized as pellets. The 
process variables were not optimized for each 
formulation but were kept constant for all 
experiments. Thus, it might be possible to produce 
pellets with 10% or 15% (w/w) MCC if the process 
variables are optimized specifically for these 
formulations. Because of the low quality of the 
product, the results from the experiments with 10% 
and 15% (w/w) MCC are not discussed further or 
shown in any figures. 
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Evaluation of Runs Containing at Least 20% (w/w) 
MCC 

All formulations with 20% (w/w) or more MCC 
produced pellets over a broad size range with good 

reproducibility as listed in Table 1. The results of the 
multiple linear regression analysis are summarized in 
Table 3. 

Table 3: Full second order polynomials according to Eq. 1 for the different response variables: coefficient (standard 

error) p-value Bold: coefficients with p-values < 0.001, r2
adj.:adjusted coefficient of determination 

 Mean MCC ΔΔΔΔTq MCC2 ΔΔΔΔTq2 MCCxΔΔΔΔTq  
Response variable b0 b1 b2 b11 b22 b12 r2

adj 
Pellet size 
dgw 

590 
(22) 

2.796E-26 

-412 
(19) 

2.449E-23 

469 
(21) 

2.265E-23 

279 
(33) 

2.720E-10 

175 
(35) 

1.153E-05 

-406 
(28) 

5.266E-17 

0.977 

Distribution 
sg 

1.249 
(0.017) 

1.037E-42 

-0.007 (0.014) 
0.628 

-0.066 
(0.016) 

2.082E-04 

0.131 
(0.025) 

7.363E-06 

-0.006 (0.027) 
0.809 

0.072 
(0.022) 
0.002 

0.598 

Water content 
WC 

64.9 
(0.32) 

0 

26.2 
(0.27) 

0 

1.91 
(0.31) 

2.615E-07 

3.59 
(0.48) 

4.960E-09 

-0.85 
(0.50) 
0.100 

0.06 
(0.41) 
0.881 

0.996 

Aspect Ratio 
AR 

1.109 
(0.004) 

1.545E-28 

0.019 
(0.004) 

2.479E-04 

-0.031 
(0.005) 

2.606E-05 

0.006 
(0.007) 
0.376 

0.002 
(0.008) 
0.847 

0.001 
(0.007) 
0.916 

0.745 

 

The pellet size distribution was found to be wide 
(large sg values) for formulations with 20% (w/w) 
MCC, except when using a Tq value of 1.2 N•m. 
From 30 to 100% (w/w) MCC, the sg values were in 
the range between 1.25 and 1.42. A trend showing 
increasing Tq values leading to lower sg values was 
found, which was confirmed by the multiple linear 
regression analysis (Table 3). The sg values found in 
this investigation are slightly higher than those 
reported previously from experiments with similar 
formulations (4,13).  

Image analysis of pellets from selected experiments 
with 20% (w/w) and more MCC gave rise to similar 
values of aspect ratio in the range from 1.06 to 1.16. 
However, the multiple linear regression analysis 
showed a significant decrease of aspect ratio with 
decreasing amount of MCC and increasing Tq, 
respectively.  

The water content at the end point of liquid addition 
was significantly influenced by the fraction of MCC 
(linear and quadratic coefficient) and Tq (linear 
coefficient only). However, by far the most important 
term was the linear coefficient for MCC (Table 3). 
Thus, for fixed levels of Tq (0.4 and 0.8 N•m), 
simple linear regression was performed for water 

content and fraction of MCC. An increasing MCC 
content is seen to give rise to a higher water content 
(Figure 1). 

 

Figure 1: Correlation between the MCC content and the 

water content at the end of liquid addition for two 

torque increase values (ΔΔΔΔTq) ( =0.4Nm, ΔΔΔΔ=0.8Nm) 

Once the moisture content in the mass has reached a 
certain level, agglomerate growth by coalescence will 
occur. Because of the ability of MCC to absorb 
water, increasing the MCC content in the mass will 
increase the water content needed for agglomerate 
growth to occur. This explains why increasing MCC 
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content gives rise to higher water content. Only a 
small increase in the water content is needed to 
increase the Tq value from 0.4 to 0.8 N•m, leading 
to values that are almost superimposed (Figure 1). 
The regression equations for the water content based 
on dry mass as a function of the MCC content for the 
2 Tq values are shown in Table 4, together with 
regression equations found by other authors (16-20) 
using extrusion/spheronization. The coefficients of 
determination (r2) indicate a linear correlation 
between the content of MCC and the amount of water 
needed for production of spherical pellets. Thoma 
and Ziegler (21) reported on a linear correlation 
between the water content based on wet mass and the 
fraction of MCC for 2 types of radial extruders.  

The slope of the straight line might depend on the 
nature of the MCC type used or the nature of the 
second component in the binary mixture. However, 
the type of pelletization equipment and the setting of 
the process variables may also influence the amount 
of water needed for successful pelletization. The 
shear stresses during the whole pelletization process 
can affect the necessary amount of granulation liquid. 
According to the “crystallite gel” model for MCC, 
higher shear stresses will result in higher amounts of 
water necessary during the process (20). This finding 
is supported by other studies (21,22). 

Table 4: Correlations between the content of MCC (%(w/w)) in the formulation and the water content (based on dry 

mass) from binary mixtures. (Water content=slope x MCC + intercept) 

Study Formulation Binary mixtures of Slope Intercept r2 95% conf. 

interval for the 

slope 

na 

Currentb Rotary processor MCC : Lactose 0.66 26.0 0.989 0.61 - 0.70 14 
Currentc Rotary processor MCC : Lactose 0.66 27.5 0.990 0.62 - 0.70 14 
(16) Sieve extrusion MCC : Lactose 0.60 20.0 n.d.d n.d.d 3 
(17) Ram extruder MCC : Barium sulphate 0.79 17.6 0.968 0.63 - 0.96 7 
(18) Radial-screw-extruder MCC : β-Cyclodextrin 0.90 25.3 0.969 0.67 - 1.12 6 
(19) Twin-screw-extruder MCC : Lactose 1.35 19.1 0.996 1.27 - 1.43 8 
(20) Twin-screw-extruder MCC : DCPDe 1.44 32.6 0.995 1.37 - 1.51 11 
a Number of data points 
b Torque increase (ΔTq) =0.4N•m 
c Torque increase (ΔTq) =0.8N•m 
d Not determined - to few data points 
e  Dicalcium phosphate dihydrate 

The highest slopes were obtained by the use of a 
twin-screw extruder, whereas smaller slopes (Table 
4) originate from a ram extruder, from sieving, or 
from a direct pelletization process in a rotary 
processor. The 95% confidence intervals for the slope 
show a significant difference for the results obtained 
from the twin-screw extruder compared to the other 
types of equipment (Table 4). This difference can be 
explained by the higher shear stresses acting on the 
excipients in a twin-screw extruder compared to other 
extruders and a rotary processor.  

For the mean pellet size, all coefficients in the full 
second-order model were found to be significant 
(Table 3). Increasing amounts of MCC give rise to 
smaller pellets (Figure 2). Agglomerates containing 
MCC and water shrink during drying (19,23), and 
increasing amounts of MCC therefore lead to 
increased shrinkage and smaller agglomerates (20). 
This could explain why using the same Tq values 
and increasing the amount of MCC leads to a smaller 
pellet size (Figure 2). From Figure 2 it can also be 
seen that the small difference in the water content 
caused by increasing the Tq value from 0.4 to 0.8 
N•m results in a large difference in the pellet size. 



AAPS Pharmsci 2000; 2(3) article 24 (http://www.pharmsci.org/) 

7 

 

Figure 2: Correlation between the MCC content and the 

pellet size for two torque increase values (ΔΔΔΔTq) 

( =0.4Nm, ΔΔΔΔ=0.8Nm) 

Linear correlations were found between Tq and 
water content and Tq and pellet size for the 
formulations containing 20% and 80% (w/w) MCC. 
Increasing Tq values led to higher water content 
and larger pellet size for both formulations (Figures 3 
and 4). 

 

Figure 3: Correlation between the    torque increase (ΔΔΔΔTq) 

and the water content at the end of liquid addition for 

two different formulations ( =20%(w/w) MCC, 

ΔΔΔΔ=80%(w/w) MCC) 

These results concur with those published previously 
(5) using a 50% (w/w) MCC formulation. The 
increase in water content can be seen to be 
independent of the content of MCC. Therefore, when 
formulations containing MCC and lactose are 
pelletized in a rotary processor using torque 
measurements, a certain increase in Tq will give 

rise to the same increase in water content. However, 
this is not the case with the pellet size. The increase 
in dgw can be seen to depend on the content of MCC. 
The same torque increase will lead to a larger pellet 
size when using low compared to high MCC 
contents. Again, this phenomenon can be explained 
by the shrinkage of the pellets during drying. 

 

Figure 4: Correlation between the    torque increase (ΔΔΔΔTq) 

and the pellet size for two different formulations 

( =20%(w/w) MCC, ΔΔΔΔ=80%(w/w) MCC) 

For the formulation with 20% (w/w) MCC, water 
content in the range of 39% to 44% gave rise to 
pellets with dgw varying from approximately 500 to 
2400 μm, showing how sensitive the process is to 
changes in the water content. The linear correlation 
between Tq and dgw, however, shows that the pellet 
size can be controlled by torque measurement.  

CONCLUSION  

Spherical pellets of formulations of a broad range of 
MCC contents can be prepared in a reproducible way 
in a rotary processor using Tq as an end-point 
detection method. The Tq-controlled rotary 
processor is therefore a suitable tool for the 
development of new formulations. Increasing 
amounts of MCC have to be accompanied by an 
increase in Tq to produce pellets of the same size, 
and the suitable Tq value is therefore dependent on 
the MCC content.  

By comparing the data of this investigation with 
results from the literature, it was found that generally 
a lower water content and a higher minimal amount 
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of MCC are needed to produce spherical pellets in a 
rotary processor compared to the 
extrusion/spheronization process, especially a twin-
screw extruder. These results can be consistently 
explained by the crystallite-gel model for MCC. 

Agglomerate growth by coalescence depends on the 
plasticity and deformability of the wet mass, ie, on 
the rheological properties of the mass. Because the 
torque of a rotating plate or impeller depends on the 
rheological properties of the mass, there is generally 
supposed to be a correlation between torque increase 
and agglomerate growth. The use of Tq for end-
point control is assumed, therefore, to be also suitable 
for different formulations and for other types of 
fluidized bed rotor granulators, as well as mixer 
granulators. 

ACKNOWLEDGMENTS  

The authors thank Ole Wørts (Glatt Norden Aps, 
Denmark) for making the Glatt GPCG-1 available for 
the experiments. The results were in part presented at 
the APV 3rd World Meeting on Pharmaceutics, 
Biopharmaceutics, Pharmaceutical Technology, 
Berlin, Germany, April 3-6, 2000. 

REFERENCES 

1. Vecchio C, Bruni G, Gazzaniga A. Preparation of indobufen 
pellets by using centrifugal rotary fluidized bed equipment 
without starting seeds. Drug Dev Ind Pharm. 1994;20:1943-
1956. 

2. Fielden KE, Newton JM. Extrusion and extruders. In: 
Swarbrick J, Boylan JC, eds. Encyclopedia of 
Pharmaceutical Technology. Vol. 5. New York: Marcel 
Dekker; 1992;395-442.  

3. Vertommen J, Kinget R. Influence of five selected 
processing and formulation variables on the particle size, 
particle size distribution, and friability of pellets produced in 
a rotary processor. Drug Dev Ind Pharm. 1997;23:39-46.  

4. Holm P, Bonde M, Wigmore T. Pelletization by granulation 
in a roto-processor RP-2. Part 1. Effects of process and 
product variables on granule growth. Pharm Technol Eur. 
1996;8:22-36.  

5. Kristensen J, Schaefer T, Kleinebudde P. Direct pelletization 
in a rotary processor controlled by torque measurements. I: 
Influence of process variables. Pharm Dev Technol. 
2000;5:247-256.  

6. Robinson RL, Hollenbeck RG. Manufacture of spherical 
acetaminophen pellets: comparison of rotary processing with 
multiple-step extrusion and spheronization. Pharm Technol. 
1991;15:48-56.  

7. Sienkiewicz G, Pereira R, Rudnic EM, Lausier JM, Rhodes 
CT. Spheronization of theophylline-avicel combinations 
using a fluidized-bed rotogranulation technique. Drug Dev 
Ind Pharm. 1997;23:173-182.  

8. Holm P. Pelletization by granulation in a roto-processor RP-
2. Part 2. Effects of process and product variables on 
agglomerates' shape and porosity. Pharm Technol Eur. 
1996;8:38-45.  

9. Vertommen J, Rombaut P, Kinget R. Shape and surface 
smoothness of pellets made in a rotary processor. Int J 
Pharm. 1997;146:21-29.  

10. Heng PW, Wan LS, Tan YT. Optimization of spheroid 
production by centrifugal rotary processing. Int J Pharm. 
1996;143:107-112.  

11. Vertommen J, Jaucot B, Rombaut P, Kinget R. Improvement 
of the material motion in a rotary processor. Pharm Dev 
Technol. 1996;1:365-371.  

12. Wan LS, Heng PW, Liew CV. The role of moisture and air 
gap pressure in the formation of spherical granules by rotary 
processing. Drug Dev Ind Pharm. 1994;20:2551-2561.  

13. Holm P. Pelletization by granulation in a roto-processor RP-
2. Part 3. Methods of process control and the effect of 
microcrystalline cellulose on wet granulation. Pharm 
Technol Eur. 1996;8:36-46.  

14. Vertommen J, Rombaut P, Michoel A, Kinget R. Estimation 
of the amount of water removed by gap and atomization air 
streams during pelletization in a rotary processor. Pharm 
Dev Technol. 1998;3:63-72.  

15. Schaefer T, Mathiesen C. Melt pelletization in a high shear 
mixer. VIII. Effects of binder viscosity. Int J Pharm. 
1996;139:125-138.  

16. Wan LS, Heng PW, Liew CV. Spheronization conditions on 
spheroid shape and size. Int J Pharm. 1993;96:59-65.  

17. Bains D, Boutell SL, Newton JM. The influence of moisture 
content on the preparation of spherical granules of barium 
sulphate and microcrystalline cellulose. Int J Pharm. 
1991;69:233-237.  

18. Gazzaniga A, Sangalli ME, Bruni G, Zema L, Vecchio C, 
Giordano F. The use of -cyclodextrin as a pelletization 
agent in extrusion/spheronization process. Drug Dev Ind 
Pharm. 1998;24:869-873.  

19. Kleinebudde P, Solvberg AJ, Lindner H. The power-
consumption-controlled extruder: a tool for pellet 
production. J Pharm Pharmacol. 1994;46:542-546.  

20. Kleinebudde P, Schroder M, Schultz P, Muller BW, Waaler 
T, Nymo L. Importance of the fraction of microcrystalline 
cellulose and spheronization speed on the properties of 
extruded pellets made from binary mixtures. Pharm Dev 
Technol. 1999;4:397-404.  

21. Thoma K, Ziegler I. Investigation of the influence of the 
type of extruder for pelletization by extrusion-
spheronization. II. Sphere characteristics. Drug Dev Ind 
Pharm. 1998;24:413-422.  

22. Schmidt C, Kleinebudde P. Significance of the granulation 
step in pelletization by extrusion/spheronization. Chem 
Pharm Bull. 1999;47:405-412.  

23. Kleinebudde P. Shrinking and swelling properties of pellets 
containing microcrystalline cellulose (MCC) and low 
substituted hydroxypropylcellulose (L-HPC). Part I. 
Shrinking properties. Int J Pharm. 1994;109:209-219.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


